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ABSTRACT
A survey, testing of available devices, and development
of a breadboard true-product modulator based upon Hall-effect
is described.
Investigations showed that carrier suppression as high
as 60 db. could be r,htained for carrier frequencies up to
250 Kilohertz on the O.S.T. DEC-521A unit. Good stability
with temperature was noted in the range of -20°C to +'70 °C.
Single -side,band investigations confirmed that two Hall-
effect units coi.-,ld be used to provide selectable sideband oper-
ation with over „5^ 5 db. suppression of unwanted sideband and
other possible modulation products.
A breadboard modulator unit providing over 1 volt output
with input drive currents below 100 ma. is described.
The investigations have led to the conclusion that true-
product modulators with spectacular properties can be made
using Hall effect principles, and that such units should be
useful in many telemetry and communication areas where the
elimination of bulky filters, or the introduction of new modu-
lation techniques may provide improvement in equipment.
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aINTRODUCTION
While switch type modulators are simple and efficient
they are inherently non linear with respect to the carrier or
modulation signal. The non linearity results in distortion
products which must be faltered to prevent spurious signals
in other channels of a telemetry or communication system.
In order to achieve 50 db. or more suppression of un-
wanted distortion products in the Kilohertz region, filters
add considerable size and weight to a modulator system. In
addition filters must be designed for each carrier frequency
and information band.
The possible elimination of filters through the use of
a true-product modulator, such as the Hall-effect, was recog-
nized by N.A.S.A. prior to the inception of this program.
While certain information was available showing spectacular
performance, such as 72 db. carrier suppression, it was deemed
advisable to undertake a survey, testing effort, and bread-
board assembly and testing of a developmental model true-
product modulator to better understand the potentialities and
limitations of Hall-effect true-product modulators and any
other promising true-product modulators.
Prior to the inception of this program, Ohio Semitronics
had achieved a breakthrough in Hall-effect technology which
resulted in Hall device operation into the Megahertz region.
Laboratory true-product modulators had been operated into the
100 Kilohertz to Megahertz region and had exhibited wide
dynamic range and good linearity.
r
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This report presents Q.S.I,. findings on:
1. Results of testing of available true-product
modulators with potentially promising characteristics.
2. Preliminary results on single-sideband investi-
gations using Hall.-effect modulators.
3	 Development and testing of a breadboard circuit
arrangement to combine a Hall.-effect modulator and cir-
cuit arrangement to provide 1 volt double-sideband out-
put.
It is pertinent to note that, as detailed later in the
report', carrier and higher order product suppression of 60 db.
or more were achieved over a wide temperature range with fre-
quencies up to 100 Kilohertz. Promising long-term stability
was indicated by tests which indicate negligible change in
suppression-in an 8 hour period.
The results of the testing and development indicate that
Hall-effect, true-product modulators should have great appli-
cat,i.onal potential due to their inherent high-linearity and
stability. Further efforts related to applicational study
and additional development should be of considerable benefit
to N.A.S.A. objectives where the reduced size and weight are
of apparent advantage. In addition, it should be recognized
that new modulation techniques are possible using true-product
modulators which may have much merit in increasing the intell-
igence which can be transmitted in a particular frequency band
through phase modulation techniques, or other techniques not
practical with switching-type modulators.
-2-
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BALL EFFECT 'MODULATOR PRINCIPLES
An appreciation of the principles of operation of a
true product; IIall c:ffcot modulator may be gained by consid-
eration of a simple Ball probe, a Hall probe placed in a
magnetic structure, and then the overall circuit behavior of
the packaged unit.
HALL EFFECT PROBE RELATION'SHIPS
The Ball effect rr.sults from the Lorentz force on a
'moving charge carrier in an applied magnetic field. The re-
sulting electric field vector in an isotropic conducting
medium may be written,
Ell	 Rh (J x B^
	
(l)
`-	 where the constant of proportionality Rh is the Hall coeffi-
cient, a material property, J is the current density and B
is the applied magnetic induction.
In a four-terminal device of usual rectangular geo-
metry with a 'thickness, t, small compared to the width and
length-to-width ratio ,sufficient to prevent field reduction
due to end contacts
l
,, the device equation may be written as
11 I C
Vh =	 t	 ( n.73)	 (2)
where V  is the open-circuit Hall voltage, I  is the cur-
rent flowing in the device, and n is a unit vector normal
to the plane formed by the length and width.
The essential applicational features of a Hall probe
are contained in equation (2) when it is recognized that Rh
-3-
4is fixed by the choice of material and t by the particular
geometry of tho. Hall plate. In order -to simplify let	 lt
ICh a transfer function, then.
Vh _ ICI^I ( 71 • T)
	 (3)
In equation (3) the multiplying properties of a Hall
device are shown by recognizing that both I and T3 may be
static or time-dependent inputs which result in a product out-
put. While not of significance here: it is well to note that
the Hall probe provides an output related to the angle between
the Hall plate and the magnetic induction vector F.
MAGNETIC CIRCUIT RELA.TIONSIiIPS
In magnetics it is well-known that the integral of
H • dl around any closed path defines the magnetomotive
force, mnif. This is analogous to the definition of the
electromotive force V as the integral, around a closed path
of E • dl. The magnetomotive force sets up a magnetic in-
duction. T3 in the magnetic structure which is impressed upon
the IIall device in the gap.
In general the integral may be written
fi H • dl = i
	
(4)
where i is the current enclosed by the path of integration.
It follows then that
mmf	 i	 (5)
in'any closed magnetic circuit enclosing a current i.
Now .N:t; is well known that the magnetic analogy for
ohms law can be expressed as
mmf - Reluctance x flux
	
(6)
-4-
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The reluctance of a closed magnetic circuit of length
L and pormo.ability p with an airgap of length I can be
expressed as:
Reluctanc e 	L + 1
0A
where A is the cross-sectional area.
0
Using equations (6) and (7)
ti It 
0 
A	 (8)
I +L
Equation (8) provides a basic design relationship
by which a magnetic circuit can be designed to provide a
particular magnetic flux to a Hall probe which is placed in
the air gap.
Since B is defined as A we may write instead of
equation (8)
B	 0)
+L
Since normally it is convenient to use the magnetic induction
B instead of ^ in circuit design.Il
A further simplification is possible by recognizing
that the magnetic circuit properties may be expressed in a
transfer functio,,,i, K M	 expressed as
Km - 
µµ o 	 (10)
ti I +L
Then equation (9) may be expressed as
B = K 
m 
i	 (11)
which provides a useful relationship for Hall effect cal-
culations.
Am	
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ITALL MULTIPLIER RELATIO.NSHIPS
In a Hall Effect Multiplier tho geometr-y constrains
the magnetic Indication to be normal to the Hall probe so
that by combining Hall device equations and magnetic circuit
eqaations on obtains:
v	 K 1^_j 1 1	 (12)I,,	 in	 C in
where 1
,1, 
denotes the control current flowing in the Hal l
probe and I In donotos the current applied to the magnetic
structure. It should be obvious that this is a general
expression and that I c and I in znay take any tune-dependent
form or be constant valued.
The modulator function of a Hall effect magnetic cir-
cuit is illustrated by applying sinusoidal inputs of the
form.
I	 = I sin w t
I 
in 
= I sin w t
where 
w 1 and w2 are the usual angular frequencies.
I
Introduction of the time dependent
ou'uput expression, after the indicated ma
ions, yields:	 K K 1 1
v h	 2	 ^ cos (w1-w2) t
where the sum and difference terms should
form into the Hall
thematical operat-
- Cos (Wl+Wdtl (13)
be noted.
Carrier insertion can be accomplished if desired by
adding a d.c. term to the signal input. Assuming the magnetic
input is the signal input as follows:
I	 = I1 sin w 1 t
I in = 1 0 + I2 sin w 2 t
4than one obtains the following expression for the output:
K 1 3:2 o 1 Sin W	
1 2 1 2V	 X 1	 1t +	 2 — fcos(w1-u2) t
Cos( Wl+WO)4 -
In equation (14) it can be. seen that a carrier signal
w 1
 
is introduced which depends upon the d.c. signal 1 0
 and
not 11pon Z? and that 3: 0 does not enter into the sum and
difference 'term.
While the preceeding exercise illustrates modulation
particularly related to communication or telemetry appli-
cations, it. is instructive to point out that the Hall effect
multiplier properties make it an excellent phase modulator or
phase detector. If sinusoidal signal ,-,'- of the same frequency
but differing in phase are applied to the Hall device of the
form:
I	 = I I sin w t
and
I m = I 2 sin (Wt - 0).
thee.
	
X 1 K 2 1 1 1 2
2	 fCos 0 _ Cos ( 2wt +O )j . ( 15).
In equation (15) it can be seen t",i.a- a d.c. term
results which depends upon the phase difference. In addit-
ion a twice frequency term appears with a phase shift related
to the input phase shift. The first property is especially
useful in sychronous demodulators or other types of systems
using a.c, amplification of d.c. inputs in which it is desired
to relate the output d.c. polarity to the input d.c. polarity.
JL
t
SINGLE - S IDEBAND GENERATION
USING HALL-EFFECT, TRUE-PRODUCT MODULATORS.
A
Analyses have varified that two Hall-Effect Multipliers
can be arranged in a circuit configuration to provide select-
able side-band, suppressed-carrier operation. One method of
achieving this result involves a 90 degree phase shaft of the
signal applied to 1 magnetic input and a 90 degree phase shift
of the signal components appearing in tube output of the second
modulator, followed by summation or subtraction of the two
modulator outputs. An alternate, and perhaps more practical,,
arrangement involves 90 degree phase shirts of both carrier
and modulation inputs to the second unit with summation or
subtract 4 on of the two modulator outputs.
Consider the second, arrangement described above which
is shown in figureI. Note the 90 degree phase shift net-
works in both the carrier and modulating signal inputs to the
second modulator.
The mathematical treatment proceeds as follows:
Consider the basic operation of a single Hall-effect
unit whose output may be described by
V  = K 1 K 2 1 c I m	 (16)
where K1 and K2 are the respective transfer coefficients re-
lating to the control current, I c , and the cu-Trent flowing in
the magnetic circuit, Im . The currents may be steady-state
or have any time-dependent form.
..
I
r
It is convenient to lump K1 and K2 into a single device
transfer,	 or gain, coefficient, Km ,	 so that
V 	 Kmlclm. (17)
Now consider unit I with the following inputs
I
cl = I2 sin w 2 t
Inil = I x sin w 1 t .
Then the output of unit I becomes
Vol = Km1 1I2 (sin w I t)	 (sin w2 t).	 (18)
Making use of the trigonometric formula that
sin x sin. y =	 1/2	 cos(x-y)	 - cos(x+y) (19)
then one obtains
I{ I I
Vol = m?1 2 cos(w 1 -w 2 )t	 cos(w1+w2)t (20)
which is the expression for a double-sideband,	 suppressed -
carrier output from Unit I.
Now after the 90 degree phaso shifts the inputs to the
second modulator unit becomes
Ic2 = I2 cos w2t
Im2 = I 1 cos wlt.
The output from unit 2	 then may be written as
Vol = KmI 1I 2 (cos	 wlt)	 (cos	 w 2 t).	 (21)
-9-
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Using the well-known functions of the sums of angles
from trigonometry, equation (21) may be rewritten as
Vol = mi l 2
	
cos(W 1 tc^ 2 )t + cos(w 1-w 2 )t	 (22)w
which is the expression for a double-sideband, suppressed car-
rier output from Unit 2.
Addition of the outputs from Unit I and Unit 2, corre-
sponding to adding equations (20) and (22) yields
V  = Km1 1I2 cos(W1 -w2 )t.	 (23)
which is the lower sideband signal.
Subtraction of the signal from Unit I from the output
of Unit 2 yields
Vo	 m 1 2	 ^.= K I I	 cos(w +w 2 )t.	 (24)
which is the upper-sideband signal.
Experimental results show that 50 to 60 db. carrier
suppression and 70 db. or higher suppression of higher order
terms should be practical in application. The described cir-
cuit arrangement, then, offers considerable potential through
the elimination of bulky filters. It offers the possibility
of changing input frequencies without any circuit adjustment,
providing the 90 degree phase shift networks can operate over
the desired range of frequency adjustment.
Other types of modulation possibilities involving phase
or frequency modulation may prove interesting because of the
high linearity of the true-product modulator. Further efforts
are necessary to explore these attractive possibilities.
-10-
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FREQUENCY RESPONSE
The usual Hall effect device incorporates materials in
which minority current carrier contributions are negligable
in comparison to the majority carrier effects. The basic
limitation on frequency response then becomes the electronic
relaxation. time which is in the order of 10 -13 seconds.
At very nigh frequencies skin effect and magnetic field
penetration effects will come into consideration and may impose
limits below the electronics relaxation limit. It is pertinent
to note that microwave power measurements have been made using
Hall effect devices mounted in waveguides.
From a practical standpoint voltages induced in loops
formed by the control input or Hall output leads are usually
the limiting factor in Hall effect devices. Such signal con-
tributions tend to add a frequency dependant contribution to
the frequency-independent Hall output. In practice, O.S.I.
has been able to make devices which oan operate with flat re-
sponse into the Megahertz region, thus providing true-product
operation.
It is important to recognize that it is more difficult
to secure magnetic input to output isolation than control input
to output isolation because of the relatively large fields
used to secure appreciable Hall output voltages. Fringing
fields and stray fields from the magnetic structure can, and
do, introduce problems.
As shown in later sections of this report very good car-
rier suppression can be attained at magnetic input frequencies
I
-12-
of 100 Kilohertz and higher without external circuit compen-
sation techniques. Such performance together with high
linearity of' both inputs is essential in attaining the practical
true-product multiplying properties which are theoretically
possible.
t
INTERNAL NOISE
Hall effect devices operate on majority carrier phen-
onema so at frequencies of 1 Kilohertz and higher device noise
appears to be limited by thermal noise. Fortunately, Hall
devices have input and output impedances in the order of 10
ohms or less so that good signal.-to-noise properties can be
attained at low levels.
The noise voltage from a Hall device can be described
by the well-known expression
V2 = 4kTRB`V
	(25)
where k is Boltzmann's constant (1.3 x 10 -23 joules per de-
gree), T is the absolute temperature in degrees Kelvin, R is
the device resistance,. and B  is the bandwidth in cycles.
Consideration of a 10 ohm device resistance at 300 degrees
Kelvin with a 1 Megahertz bandwidth yields a noise voltage of
only 4.1 x 10 -7 volts. Red.ucina- the bandwidth to 10 cycles
should result in a 1.25 x 10 -9 volts noise contribution.
As a consequence of the low-noise properties it is
possible to operate Hall multipliers at millivolt levels or
to operate with positive or negative output signals having
excursions of 120 to 160 db .
Ak
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EXPERIMENTAL RESULTS
On the initial survey 29 manufacturers of Hall Multi-
pliers, Magnetoresistance Modulators, and Magnetic Modulators
who were listed in E.E.M., Electronics Buyers Guide, or were
known to be in the field, were contacted and asked to provide
description of products which might be applicable to NASA's
modulator interest.
Consideration of previously available information plus
the returns from mailing and telephone discussions led to the
conclusion that certain units should be tested to evaluate
their performance. The decision regarding spectific units to
evaluate was made by MSFC based upon the survey and pertinent
discussions.
In the experimental efforts particular attention was
directed toward the following parameters:
1. Frequency limi•;ations.
2. Sensitivity.
3. Carrier leak.
4. Null voltages.
5. Temperature range.
6. Temperature dependence.
7. Conversion efficiency.
8. Size.
9. Power and voltage requirements.
10. Input and output impedance.
t -15-
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Temperature tests were conducted by placing the various
units in a thermoelectric chamber which could operate over the
range of -20°C to +80°C.
Considerable caution was necessary in making measure-
ments to insure that good clean input siEg).als wore used. Har-
monic content of input signals can, of course, be multiplied
by the true-product modulator and will appear as output signals.
60 db. reduction,of harmonic levels was established as a nec-
essary condition for obtaining meaningful evaluation in our
case.
W4
TEST A1Z%kNGF'xrNT COMMENTS
In making true-product modulator evaluations it is
necessary that input signals have low harmonic content. It
was found that Hewlett; Packard 200CD oscillators when used with
specially designed matching transformers could provide relat-
ively clean signals with harmonic outputs more than 60 db.
below the fundamental.
Input currents were measured through the use of a precision
series resistance and a Hewlett Packard 400F a.c. voltmeter.
Ire order to achieve maximum carrier or modulating signal
suppression, depending upon input applied to control terminals,
either a d.c. bias current was applied to a magnetic winding
or a resistive network nulling circuit was used. A normal. Hall
probe has some initial zero value due to manufacturing pro-
cesses which, unless compensated, provides an output signal
which is related to control input signal,. As indicated in. the
test results, whon compensated, stable operation over a wide
temperature range can be readily achieved.
The level of the frequency components appearing in the
output of the modulators was measured through the use of a
Sierra 125A Frequency Selective Voltmeter provided by NASA.
In some cases where the sensitivity of the 125A was insuffi-
cient, a differential Amplifier was used to provide amplifi-
cation necessary to distinguish the low level harmonic or
carrier levels. A Texas Instrument 7510 integrated circuit
amplifier was found quite useful although the amplifier did
introduce some distortion products and careful attention had
to be placed upon linearity of operation.
-17-
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601110 SENITRONICS INC . ]NIC-501x
The MC-501X unit measures 1/2" x 1 3/16 11 x I >/8111
has stud mounting and connections are made through four mini-
atu-,te coaxial cables. In addition to the Hall input and out-
put, connections are available to 2 separate coils which may
be used for exeitat:Lon, carrier insertion, or nulling.
Pertinent electrical properties of the unit testes:
iac lude:
Hall device input resistance
Hall device output resistance
Coil I	 resistance
Coil 1	 inductance
Coil 2	 resistance
Coil 2	 inductance
11
	
ohms
9	 ohm s
0.15 ohms
38. 5 m±crohenries
0.10 ohms
4 -3 microhenries
Inputs of 100 ma. to the probe and 200 ma. coil current
provided an output of 8 millivolt i•(or the sum and differenc
frequencies. This results in a sensitivity of 0.4 volts per
Ampere 2 .
The frequency response and temperature behavior of the
unit is indicated by the finding that with a 185 Kilohertz sig-
nal applied to the magnetic input and 10 Kilohertz applied to
the control, or probe, input 48+ 2 db. carrier suppression was
measured over a temperature range of -20 to +72°C, as shown
in figure	 2.
The temperature coefficient of the output was found to
be 
-0-176 per degree C in the range of 0 to +70°C.
-18-
.f
Tests indicated that over 60 db. carrier suppression
could "be attained when frequencies below 600 Kilohertz were
applied to tha. control Input and appropriate nulling techniques
were used to remove residual carrier due to probe offset volt-
age.
With no nulling techniques and carrier applied to the
magnotic input over 50 db. carrier suppression was measured
for frequencies below 130 Kilbhortz.
-19-
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OIIIO SEMITRONIC S INC. bIC - 5 21
The MC- 5 9 1 unit measures 7/8" x 1 3/16" x 21/32" and
hail 8 pins extending throu(fh the base for circuit board mount=
ing. The unit weight is 3 ounces.
Pertinent measured electrical parameters include:
Hall device input resistance	 16.2 ohms
H-a.11 device output resistance 	 10. 5 ohms
Coil 1 Resistance	 0.15 ohms
Coil 1 Inducta-ice	 43	 microhenries
Coal 2 Resistance	 0.10 ohms
Coil 2 Inductance	 4.3 microhenries
Upper and lower sideband signals of 66 millivolts were
measured with 85 ma. control current and 800 ma. current to
Coal 1. This provides a device sensitivity of 0.965 volts per
Ampere 2.
In the temperature range of -20°C to +70°C. 52 to 55 db.
carrier suppression was measured with 170 Kilohertz input to
the coil 2, as indicated in figure 3, At 70 Kilohertz 58 db.
carrier suppression was measured with all higher order harmonics
and distortion signals more than 60 db. below the two sideband
Gignals when 20 Kilohertz modulation was applied to the control
input of probe.
Using a d.c. bias current applied to coil 2 to balance
the residual zero field and with a carrier applied to the con-
trol input a carrier suppression in e =ess of 70 db. could be
measured for frequencies up to 100 Kilohertz. higher order
-21-
terms were at least 60 db. below double-sideband output levels.
The Temperature Coefficient of output was measured as
-0.27 per cent per degree C in the range of -20 to +70°C.
a
C',
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OHIO SEMITRON IC S INC. MC-521A.
The MC - 521A. unit had modified :internal arrangement with
size and package weight identical to the MC-521.
Pertinent electrical parameters were measured as follows:
Hall, device input resistance
Hall device output resistance
Coil 1	 resistance
Coil 1	 inductance
Coil. 2	 resistance
Coil 2	 inductance
4.6 ohms
3. 4 ohms
0.20 ohms
62 microhenries
0.10 ohms
4.3 mi.crohenries
At frequencies below 250 Kilohertz over 80 db. carrier
suppression was measured when the carrier was applied to the
control input. Instrumentation was not available to measure
the exact carrier suppression which at 100 Kilohertz was well
over 80 db.
The results obtained when the carrier was applied to
the coil were quite spectacular.
	 75 db. carrier suppression
was measured at 10 Kilohertz and 60 db. carrier suppression
out to 220 Kilohertz was noted, as illustrated in figure
Temperature tests showed that over 60 db. carrier sup-
pression could be attained from -20°C to +80°C with 200 Kilo-
hertz excitat;.on to the coil and 100 Kilohertz, modulation
applied to the control input. With 200 Khz. carrier applied
to control input and 100 Khz. modulation applied to coil, with
700 ma. current, over 60 db. carrier suppression. was obtained
from -20°C to +40°C as shown in figure
	 5. Some probe heating
was noted at 200 ma. which reduced the carrier suppression at
high temperature.
-24-
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Detailed chocks of control current and magnetic input
versus output showed excellent linearity, as expectod. In
testing problems arise in getting sufficiently clean input
signals to use with confidence. While detailed point-by-
point plots were made, it was found that higher order har-
monics of the various input appearing in the output or products
of input signals was the best indication of linearity.
The temperature dependence of the output is illustrated
by figure	 The average temperature coefficient is -0.20
per degree Centigrade in the range of -20 to +80°C.
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F. W. 1314"LL III, ­'1,1)1
The TIQ-4151 unit is packagod iii a nylon-phonollo CU60
measuring 1 ll/16 lt 	x	 l x	 'L	 1/16". It has	 1,21 	 loads
extending from the bottom for circuit connections.
Pertinent electrical parameters wore measured as:
Hall plate input resistance	 2.4  ohm s
Hall plate output vosistance,	 011111",
Coil Resistance (2 identical coils)	 1.42 ohm,
Coil Inductance (both series) 	 'I. millihonries
Coil Tnductance (Parallel)	 1 millihenry
A carrier suppression of 55 db. could be achieved out
to 10 Kilohertz when the carrier was applied to the parallel
connected coil input, as shown in fi gure 7-
When the carrier -s;as applied to the control input D-.) db.
carrier suppression could be achieved out to 300 Kilohertz as
indicated in figure 8. The -unit could be balanced to provide
70 db. carrier suppression at a particular frequency.
The temperature dependence of the output was poor in
comparison to other units and was -0.40_') per cent per degree
Centigrade over the range of -20 t o +75 °C.
Carrier suppression versus temperature is illustrated
in figure 9. Relatively stable operation over the range of
-20 to +70°C was obtained although the level of suppression
at 100 Khz. with coil excitation was only 37 db. over most of
the range. With carrier applied to the control input approx-
imately 60 db. suppression was recorded over most of the tem-
perature range.
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F. W. BELL 41,31
The F. w. Doll 4131 unit was pack.agc^d in a nylon-
phenolic case moasurin^ 1 :11/16" a 1 5 118" x i V16" . It had
12 terminals extending through. the bottom.
Pert .r,%=:nt electrical parameters measured included:
Hall plate input resistance
Ball plate output resistance
Coil Resistance (2 identical)
Coil inductance (2 identical)
2.28 ohms
2.18 ohms
0.053 ohms
1+3 microhenries
Operation with carrier applied to parallel-connected coil
input resulted in only 24 db. ca.rri,--r suppression at 100 Kh. z.
and 36 db. carrier suppression at 25 Khz. so that this mode of
a
	 operation does not appear desirable.
Opera-Lion with the carrier applied to the control input
was much better. Figure 10 showing the temperature behavior of
carrier suppression reveals that approximately 65 db. suppression
was measured.
The temperature coefficient of the output signal was
found to average -0.322 over the temperature range of -20 to
+I0°C as shown in figure 11.
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ATNIERICAN AEROSPACE MNU-2004-HS-i
The MMA-2004-IM-1 unit was packaged in a 1.12" x 1.12"
x 0.56" shell with 5 pans extending froir, the bottom for con-
nections.
Pertinent room-temperature electrical parameters include:
Resistance of element 1	 38 0 ohms
Resistance of element 2 	 380 ohms
Coil Resistance	 260 ohms
Coil inductance	 0.155 henries
The magnetoresistance unit was tested in a circuit
arrangement where the magnetoresistive elements were two arms
of a bridge circuit. Excitation and output were connected in
the usual bridge arrangement.
Tests indicated very poor carrier suppression with car-
rier excitation applied to the magnetic input as illustrated
in figure 12 . Note only 43 db. carrier suppression could be
obtained at 5 Khz. This result indicated that feedthrough
from 3 Khz modulation signals would be excessive.
Subsequent tests with the carrier applied to the bridge
showed that only 36 db. carric • x:° suppression could be obtained
at 10 Khz, as shown in figure: ?3 .
Some time was spent in carefully checking the circuit
arrangement and possible inductive coupling effects outside
the unit to be sure the limited performance was inherent
It was concluded that the results were indicative of unit per-
formance.
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OMNITE SSM-10
f,
I
The Omn;ite SSM-10 unit is packaged in a cylindrical
shell measuring 41%64" in diameter. The case: is 7%8 11
 1orj,
with the 7 pins making an overall longth of 1 1/8 inches,,
Pertinent electrical parameters include:
Hall plate :input resistance ohms
Hall Mate output resistance ohms
Coil resistance 7 0hI:1
Coil inductance 200 m.i.crohenries
Initial tests indicated, that t'.ie output was very non-
linear as a function of magnetic drive. This resulted in un-
desired output signals.
Tests indicated that 29 db. carrier suppression could
be achieved at 100 Khz. with the carrier applied to the coil
input. This result was obtained with wires soldered to the
pins. When plugged into a 7 pin tube socket only 16 db. car-
rier suppression was measured at 100 Khz.
The combination of high harmonic output and poor sup-
pression is illustrated in figure 14. It should be noted that
the second harmonic of the carrier appearing in the output
was only 32 db. below the sideband output while the third har-
monic signal was only 23 db. below the sideband output.
Due to the poor results obtained in initial testing it
was decided that temperature testing or other tests were not
pertinent since the device dial not appear to have any merit
as a modulator in the frequency range of interest.
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In order to conflrm the thooretical pre-dictions re-
gardin slnglo-4idobaud operation of true-product multipliers,
a soloctablo sldoband arrangement w.as broadboarded using two
MC. -5,21 1 units. The d o tt.tilod circuit arranigoment is shown in
f i (,-.Ll r o	 15.
As indicated in the circuit diagram it was convenient
to use phaso-shift networks in both control circuits to secure
the necessary 90	 phase-shift. In the case of the coil
inputs, it was sufficient to tune one coil to the high side of
resonance and the other to the low side of resonance to secure
the 90* difference needed. The adjustable resistances were
used 'to secure equal excitation and therefore equal outputs
from the two modulator units.
By appropriate connectioii of the Hall output leads it
was found that over 55 db. carrier suppression, other sideband
suppression, and all other possible product suppression, was
achieved. This operation was obtained when either upper or
lower sideband output was measured.
It should be noted thaT in the initial tests only single
frequency modulation was used. Practical phase-shift network.s
r_, be made to provide the 90 degree phase-shift over a reason-
able band of fre,; ­lencies, as verified by the fact that they
are used in existing modulating systems.
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DRBeA1)B0ARD MODI,`I.:1`POR
Mi tsuromonts on the variou,.s Hall effect modulator unit:
indicated that in l,i^ioar truo-product modulator application
output levels were normally in the range of	 to 50 milli ol.t5.
while outputs of 50 to 100 millivQlt.s could be obtained, : uch
operaation necessitated quite high maE notic drive curr•^,nt.s.
It appeared advantageous to consider limiting; the hall
plate and magnetic coil dr,Lvo currents to 100 milliamperes
vIlich could be readily supplied by trai-isistor circuits i nd
amplify the modulator outptat to the 1 volt level. The imped-
ance of the '.L%IC- 521A was noted to be low enough so tha t less
than 3 volts would be required to the magnetic input while
about 0.5 volts would be necessary for the Hall plate, or con-
trol, input.
Because of its superior charactoristics, the AMC -521A was
selected as the modulator unit for a breadboard modulator
arrangement. Considerable circuit experimentation resulted
in the selection of a 'Texas
 Ins°truments 'TI-7510 integrated
amplifier as the first stage. A Fairchild 4A-716 unit was
chosen for the output amplifier. Circuit details are shown in
figure 16.
Careful attention to the choice of the amplifiers and
their circuit details in order to secure sufficiently linear
operation was necessary. It was found that non-linear amp-
lifier operation can result in the production of extraneous
signals which are not due to the basic modulator. Using the
particular arrangement indicated, all signals were 55 to 65
d.b . be low the double sideband output in the frequency range
up to 600 IU lohertz .
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In the breadboard unit 62 milliampere coil input to -the
6,7 microhenry impedance: and 100 milliamperes control input to
the 11.$ ohm resistance resulted in excess of 1 volt output.
Amplifier power requirements were + 12 volts at 60 milliamperes.
The performance of the breadboard unit is illustrated
by figure 17 ; which shows the signal feed-through compared
to double-sideband output. Operation with carrier applied to
either input is illustrated.
It is pertinent to note that the MC-521A performance was
degraded somewhat by the inclusion in the breadboard. It is
expected that additional effort could result in breadboard per-
formance closely approximating the basic true-product modulator
performance presented in an earlier section of this report.
.
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4DISCUSSION OF REPS TITS
The 'true - product modulator investigations described have
shown, that Mall-effo-ct devices are excellent true-product modu-
lators and that they have considerable potential in telometry
aril otho r communication areas.
The availability of a true-product; modulator with a high-
degree of linearity permits the development of new modulation
techniques based upon the unique properties of Hall effect
devices. Since phase information is preserved it should be
apparent that signals of differing phases at the same frequency
could be considered in designing system to transmit maximum
data in a limited available bandwidth.
The spectcaular carrier and higher order suppression of
true-product modulators indicates that the bulky band pass
filters will not be needed for each band. Since the true-
product modulator does not require filters, it is particularly
significant to note that identical units could be operated at
various frequencies due to the inherent broadband character-
istics.
In the investigations it was found that several modulators
were so linear that it was difficult to secure excitation sources
sufficiently free from distortion for meaningful measurements.
It should be apparent that second or third harmonic content in
a modulating signal can be multiplied with the carrier to pro-
duce undesired signals of a level dependent upon the harmonic
level. Similarly, distortion of the carrier signal can inter-
act with the modulating signal to produce other undesired sig-
nals. It was found that special coupling transformer arrange
moots could be used with the oscillators to rodiice; the distor-
tion lovel to 0.01 to 0.1 por cent, as indicated by the 60 to
80 db . reduction of harmonies below :f'iu,,iamental .
The; selectable sideband experimexits illustrate that
single-s:i.deband signals  can be produced by two modulator units
in a suitable circuit arrangement. The food suppression of
carrier, other sidoband, and other possible signals indicates
that this is a highly promising application for Hall-effect
modulators.
The breadboard modulator unit was a step toward the
approach of providing; a circuit card which can include input
drivers and output amplifier. It is anticipated that circuit
card units could be developed to which 0-1 volt signals over
a wide range of input ,frequencies could be applied and 0-1 volt
output signal could be obtained. Changing telemetry frequencies
or information bandwidth would involve no problems of the type
encountered with existing filter arrangements.
While spectacular :x:esults were achieved with the O.S.I.
and F. W. Bell unit, it should be apparent that further improve-
ment of the basic modulr: cor is possible and that considerable
optimization can be done to secure specific characteristics.
It appears tha l> several approaches can be considered to
lead toward more effective utilization of the spectacular true-
product modulator properties. These includes
1. Extension of frequency range to the Megabertz region.
2. Investigation of possible techniques to reduce size,
weight, and, power requirements of modulator unit and
associated circuitry.
-48-
3. Investigation of single-sideband modulator tech-
niques for braodband operation.
4. Investigation of phase modulation techniques.
5. Do-^%-Iopmont of circuit card arrangements based
upon tho use of O.S.I. MC-521A, integrated circuit
driver amplifiers and output amplifier to provide a
universal modulator.
6. Investigation of high-linearity true-product
modulators and the effect of harmonic content of siff,-
nals upon the output.
7. Construction and long - term testing of modulator
breadboards to verify that existing or modified units
can provide the long-term reliable performance expected.
0
-1
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CONCLUSIONS
Hall-effect, true-product modulators have been found to
provide spectacular properties which should be extremely useful
in telemetry and other communication areas.
The high linearity of Hall-effect units was well-illust-
rated by the measurement of more than 80 db. carrier suppression
up to 250 Miz. in the O.S.I. MC-521A unit.
The measured result.s, indicate that existing units may be
applicable in many current applications. Improvements and part-
icular circuit arrangements can be made to provide modulation
capabilities which are not available in other devices.
The results of this investigation are believed to clearly
demonstrate the usefulness of Hall-effect true-product modu-
lations. It is recommended that additional efforts of both
research and development as well as of an engineering nature
be pursued to permit application and development of improved
capability. -
50-
RECOMMENDATIONS
In vi w of tho one ouraging results obtained in the
initial. investigrations the following recommendations are sub-
mitted:
1.	 It is
 rocommended that research and development
efforts be initiated to develop a. circuit card modulator
unit based ii-non the O.S.I. MC-j21A. The unit should in-
c3iido input q river amplifiers and output amplifier so
that I volt o.itput could be obtained with I volt input
sinals from iliall impedance sources.
ID.	 It is recommended that a study and investigation
of single-sideband, double-sideband, amplitude-modulation,
frequency-modulation, and phase-modulation be initiated
to Permit determination of areas where the unique true-
is	 product modulator has fundamental advantages over other.
techniques.
3.	 It -is recommended that research and development
efforts be initiated to lead to reduced size, weight,
and power requirements in modulator -units. While exist-
ing units may be quite satisfactory in many applications
there should be a need for miniature units with lower
power requirements in future systems.
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